This study aims to apply fecal sterols as a chemical indicator to track feces contamination sources in the canals in Bangkok. The sewage and canal sediments were examined during the dry season. Fecal sterols in the canals were evaluated over a one-year period (2011-2012) for the selected sterol compounds. Several factors including season, canal water levels, rainfall data, and sewage were correlated to fecal contamination. The highest concentrations of cholesterol (CHR) (8.321 μg/L), coprostanol (CPN) (6.490 μg/L), and cholestanol (CHN) (1.205 μg/L) in discharged sewage were found from the community near Samata Amonmak bridge. Maximum yearly average fecal sterol contents observed in the canal sediments were: CHR (12.478 μg/g), CHN (10.782 μg/g), and CPN (16.903 μg/g).
sterol, of which 60% CHR is converted into CPN. Fecal sterol is a moderately stable compound and remains unchanged even after six months under anoxic conditions, temperature, and salinity variations (Farawati et al. ) .
The major type of human fecal sterol is CPN. Although cats and pigs are the only animals having similar fecal sterol profiles to humans, the ratio of different sterol compounds can be used to characterize the source of feces, which is the main focus in this study. The derived information could be used for tracking the sources of water pollution and to improve water qualities in the area.
MATERIALS AND METHODS

Location of water sampling
Household discharged sewage was collected at Ong-Ang community (S1), Samata Amonmak community (S2), and Bang-Lumphu community (S3) during the dry season from February 2012 to May 2012 in order to avoid interference from storm water. The samples were collected three times during the indicated period. For the studied canals, both canal sediments and water samples were collected from 
Analyses of the fecal sterol compounds
1-3 g dry weight of sediments was used in extraction (Ngugen et al. ) . Then, the extract was dried by nitrogen purging at 35 W C to a final volume of 1.5 mL prior to gas chromatography (GC) analysis. For sewage samples, the extraction was performed following the procedures proposed in Gilli et al. () . A 250-mL water sample was added to 2.5 g of sodium chloride then transferred into a 500 mL separating funnel. Then, a 125 μL internal standard was spiked, and finally it was eluted by a 1.5 mL of mixture of hexane-chloroform (4:1, v/v) solution.
Instrumentation GC with flame ionization detector (Shimadzu; GC-2014) was used to quantify the fecal sterol compounds. The device was equipped with a 30-m Inert cap1 silica capillary, 0.25 mm ID with thickness of 0.4 μm (GL Sciences Inc.). Helium (99.99%) was used as the carrier gas. A 1-μL sample was injected automatically (split injector mode 5:95). The thermal program for the GC oven was 120 to 280 W C, at a rate of 10 W C min À1 and then to 310 W C, at a rate of 2 W C min À1 . 
FC and fecal sterols in discharged sewage
The household discharge sewage was collected for determination of FC and fecal sterols at Ong-Ang community (S1), Samata Amonmak community (S2), and Bang-Lumphu community (S4) during the dry period from February 2012
to May 2012 in order to avoid interference of storm water ( 
Chemical and biological characteristics of waters and sediments in the canals
The water qualities of the studied canals are shown in Table 3 . This suggests that the canals were contaminated with barely biodegradable organic matter, mostly as suggested by the COD parameter (70-87 mg/L), whereas the BOD concentrations were found to be only 4.4-5.9 mg/L. The ammonia concentrations (1.7-4.5 mg/l) were also higher than the national standard of fresh water limit (0.5 mg/L, Pollution Control Department (PCD) ). The total coliforms and FC were found in the ranges of 5.6-6.4 log MPN/100 mL and 5.9-6.1 log MPN/ 100 mL, respectively, which are far higher than the limited values of the national standard of water quality for agriculture (4.3 and 3.6 log MPN/100 mL), respectively (Pollution Control Department (PCD) ). It can be summarized that the canals were highly polluted with organic matter and enteric bacteria of warm-blooded animals.
Seasonal variation of fecal sterol in the canal sediments
From the analysis of fecal sterol contents in the canal sediments, the average sterol concentrations were found in the In addition to general water quality, the correlation between fecal sterol concentrations and the TOC content of the sediments was also evaluated. It was found that a significant level of correlation between the fecal sterols was also 
CONCLUSION
Fecal sterol concentrations of various forms in the canals were evaluated over a one-year period (2011-2012). both from human and warm-blooded animal sources. The studied canals were highly polluted with organic matter and enteric bacteria. Human feces from discharged sewage were the major source of contamination. The water level in canals and rainfall intensity significantly influenced the changes in fecal sterol contents in the sediments.
